Objective: To characterize the rate of cognitive decline during the premotor phase of essential tremor (ET) in comparison to prevalent ET cases and controls.
Mild cognitive deficits have been reported to occur in patients with essential tremor (ET) in many independent studies, [1] [2] [3] [4] [5] [6] [7] [8] including a population-based study of largely treatment-naive ET patients (Neurological Disorders in Central Spain [NEDICES] study). 8 These studies suggest that a frontosubcortical-type dysfunction occurs in some patients with ET. [9] [10] [11] [12] [13] [14] In the NEDICES study, lower cognitive test scores were associated with more reported functional difficulty, indicating a clinical-functional correlate. 15 The NEDICES study provided evidence that cognitive deficits in ET are not static, and appear to be progressing at a faster rate than in elders without this disease. 16 There could be a "premotor" stage of ET, as there is in other adultonset and late-life motor disorders. However, population-based studies that prospectively assess whether cognitive dysfunction appears in premotor ET (i.e., those subjects who were free of ET at baseline but who developed ET during the follow-up) have not been conducted.
We hypothesized that the cognitive deficits in premotor and prevalent ET would not be static, but would deteriorate, and that this deterioration would occur at a rate above that observed in similarly aged controls. Using data from the NEDICES study, we evaluated ET cases (participants diagnosed with ET at baseline and at follow-up), "premotor" ET cases (participants diagnosed with incident ET at follow-up, but not at baseline), and controls (participants not diagnosed with ET at baseline or follow-up) at 2 time points separated by approximately 3 years.
METHODS Study population. We derived the data for these analyses from the NEDICES study. [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] We have previously published details regarding the study population and sampling methods. [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] The study population was composed of subjects aged 65 years and older living in 3 well-defined geographical areas in central Spain (Las Margaritas, Lista, and Arévalo).
Standard protocol approvals, registrations, and patient consents. Investigators obtained ethics approval from the Human Research Ethics Committee of the University Hospitals 12 de Octubre and La Princesa (Madrid). All enrollees signed written informed consent.
Evaluation. Each participant received either a face-to-face evaluation (at baseline, 1994-1995, and at follow-up, 1997-1998) or a questionnaire (mailed to participants who were unavailable for face-to-face interviews). During the face-to-face interview, we collected data on demographics, current medications, medical conditions, depressive symptoms (the question, "Do you suffer from depression?"), and lifestyle. The interview included one screening question for ET ("Have you ever suffered from tremor of the head, hands, or legs that has lasted longer than several days?"). 25, 26 This question was a Spanish adaptation of that used by the Italian Longitudinal Study on Aging Working Group. 29 To assess the performance of this screening question, we selected and contacted a random sample of approximately 4% of those who had screened negative. 17 Of 205 subjects who were contacted, we successfully scheduled 183 for a neurologic examination by a senior neurologist who routinely evaluates patients with movement disorders (J. Olazarán [see http://www.ciberned.es/estudio-nedices]) as described. 25, 26 The diagnostic criteria for ET were similar to those used in the Sicilian study 30 (see below), and none (0%) of the 183 subjects were diagnosed with ET. 17 Subjects who screened positive for ET underwent a neurologic examination, 25, 26 which comprised a general neurologic examination and the motor portion of the Unified Parkinson's Disease Rating Scale. 31 During this examination, we asked participants to perform manual tasks to assess postural and kinetic tremors. For subjects who could not be examined, we obtained medical records from general practitioners, from in-patient hospitalizations, and from neurologic specialists (if they had visited one). In addition, we reviewed death certificate diagnoses for each screened subject who had died before neurologic examination.
Diagnostic criteria for ET were similar to those used in the Sicilian study. 30 The first criterion was action tremor of the head, limbs, or voice without any other recognizable cause. Second, the tremor had to be of gradual onset (i.e., slow and progressive) and 1) present for at least 1 year, or 2) accompanied by a family history of the same disorder (at least one reportedly affected first-degree relative). Third, on an Archimedes spiral, tremor severity had to be moderate or greater (rating $2 according to the Washington Heights-Inwood Genetic Study of ET Rating Scale). 32 Subjects with tremor related to Parkinson disease, medications, or other known causes of tremor were not diagnosed with ET. We diagnosed Parkinson disease and other forms of parkinsonism when at least 2 cardinal signs were present on the Unified Parkinson's Disease Rating Scale. 31 The diagnosis of dementia was made by consensus of 2 neurologists, who applied the DSM-IV criteria. 27, 28 We administered a 37-item Mini-Mental State Examination (37-MMSE) to evaluate global cognitive performance in the cohort. 8, 27, 28, [33] [34] [35] [36] [37] The 37-MMSE included all of the standard MMSE items as well as 3 additional items: 1) an attention task, i.e., "say 1, 3, 5, 7, 9 backward"; 2) a visual order, i.e., a man raising his arms; and 3) a simple construction task, i.e., copying 2 overlapping circles. 8, 27, 28, [33] [34] [35] [36] [37] We grouped cognitive domain tasks into several subscores (orientation [0-10 points], memory [0-6 points], attention and calculation [0-10 points], language tasks [0-9 points], and construction/copying [0-2 points]). 8, 27, 28, [33] [34] [35] [36] [37] Final selection of participants. Of the 5,278 participants evaluated at baseline, we excluded 2,903 with incomplete data, dementia, or other neurodegenerative conditions ( figure) .
The final sample of 2,375 participants included 135 cases of prevalent ET, 56 premotor ET cases, and 2,184 controls (figure). The final sample of 2,375 participants was similar to the excluded 2,903 participants in terms of sex (1, 346 
Statistical analyses. We performed analyses in SPSS version
20.0 (IBM Corp., Armonk, NY). None of the continuous variables were normally distributed (Kolmogorov-Smirnov, p , 0.001), even after log-transformation. Therefore, we compared baseline characteristic scores using a nonparametric approach including Kruskal-Wallis tests, Mann-Whitney tests, and Spearman r (r s ). Linear regression analyses were not possible because the change in 37-MMSE score was also not normally distributed. Therefore, to initially assess the effects of possible confounders, we divided the main factors that could affect cognition (age, sex, educational level, presence/absence of depressive symptoms or use of antidepressant medication, use of medications with CNS effects, and geographical area) into categories, and we performed stratified analyses to compare the change in the 37-MMSE score across groups in each stratum. Because of the loss of power in these analyses, we did not report p values; rather, the aim was to determine whether the magnitude of the case-control difference persisted after stratification.
In additional analyses, we divided change in 37-MMSE score into tertiles (lower tertile $2-point improvement in score, upper tertile $2-point decline in score), comparing cases and controls regarding their distribution within these tertiles (x 2 test). In addition, we performed multivariate logistic regression analyses, thereby allowing us to assess, for a second time, the same confounders. In these models, the dependent variable was the upper tertile of 37-MMSE score change (reference 5 lower tertile) and the main independent variable was case-control status.
RESULTS
The final sample of 2,375 participants (mean 6 SD age 5 72.4 6 5.8 years) comprised 135 prevalent ET cases, 56 premotor ET cases, and 2,184 controls. The mean follow-up was 3.4 6 0.5 years (median 5 3.3 years), which was similar in all groups (Kruskal-Wallis test, p 5 0.253). Premotor and ET cases were marginally older than controls (table 1) , and a higher proportion of premotor and ET cases were illiterate and lived in Las Margaritas, a predominantly working-class area (table 1). In addition, a higher proportion of ET cases was taking medications with CNS effects and reported more depressive symptoms than controls, but in other respects, cases and controls were similar (table 1). The baseline 37-MMSE score was lowest in prevalent ET cases and highest in controls (table 1) , with significant differences in the prevalent ET cases vs controls comparison (Mann-Whitney test, p 5 0.020), but not in the premotor ET cases vs controls comparison (Mann-Whitney test, p 5 0.33).
Figure
Flow chart of the study During the 3-year follow-up period, the 37-MMSE declined by 0.7 6 3.3 points in prevalent ET cases (median 5 1 point), 1.1 6 3.5 points in premotor ET cases (median 5 1 point), and 0.1 6 3.9 points in controls (median 5 0 points) (Kruskal-Wallis test, p 5 0.014) (table 2) . The difference between prevalent ET cases and controls was significant (Mann-Whitney test, p 5 0.027); similarly, the difference between premotor ET cases and controls was significant (Mann-Whitney test, p 5 0.046); however, the difference between premotor ET cases and prevalent ET cases was not significant (Mann-Whitney test, p 5 0.563).
In controls, we examined whether baseline 37-MMSE scores were associated with potential confounding variables. The 37-MMSE was correlated with age (r S 5 20.227, p , 0.001), educational category (r S 5 0.396, p , 0.001), geographical area (mean 6 SD [median] 5 29.0 6 4.9 [30] in Las Margaritas vs 32.2 6 4.0 [33] in Lista and 29.3 6 4.8 [30] in Arévalo; Kruskal-Wallis test, p , 0.001), subjective depressive symptoms or antidepressant use (29.2 6 4.8 [29] in those who responded "yes" vs 30.5 6 4.7 [31] in those who responded "no"; Mann-Whitney test, p , 0.001), and sex 31.6 6 4.5 [33] in men vs 29.1 6 4.7 [29] in women; Mann-Whitney test, p , 0.001). However, the baseline 37-MMSE was not correlated with medications that could affect cognition (mean 6 SD [median] 5 29.9 6 4.9 [31] in those taking a medication vs 30.2 6 4.8 [31] in those not taking a medication; Mann-Whitney test, p 5 0.44).
In stratified analyses, in nearly all strata, the decline in 37-MMSE score in both premotor and prevalent ET cases was higher than the decline in scores in controls (table 2), indicating that these variables were not likely to be a source of confounding. Negative values indicate that the baseline 37-MMSE score was lower than the 37-MMSE score at follow-up (i.e., improvement in score). All positive values indicate a decline in score (i.e., baseline 37-MMSE . follow-up 37-MMSE). b In each age stratum, the numbers in parentheses indicate the mean 6 SD age of participants in that stratum; these values demonstrate that cases had similar ages to controls within the 3 age strata.
We also assessed the cognitive decline per unit time (i.e., the rate of cognitive decline). The rate of cognitive decline was 0.0 6 1.2 (median 5 0.0) points/year for controls, 0.3 6 1.0 (median 5 0.3) points/year for premotor ET cases, and 0.2 6 1.0 (median 5 0.2) points/year for prevalent ET cases (Kruskal-Wallis test, p 5 0.014). The difference between premotor ET cases and controls was significant (Mann-Whitney test, p 5 0.039), as was the difference between prevalent ET cases and controls (Mann-Whitney test, p 5 0.033); however, the difference between prevalent ET cases and premotor ET cases was not significant (Mann-Whitney test, p 5 0.460).
Change in 37-MMSE score was stratified into tertiles: 50 (37.0%) prevalent ET cases, 24 (42.9%) premotor ET, and 691 (31.6%) controls were in the upper tertile; 29 (21.5%) prevalent ET, 11 (19.6%) premotor ET, and 686 (31.4%) controls were in the lower tertile (x 2 5 10.21, p 5 0.037). In a logistic regression model, prevalent ET cases were 1.71 times more likely than controls to have a change in 37-MMSE score in the upper vs lower tertile (odds ratio [OR] 5 1.71, 95% confidence interval [CI] 5 1.07-2.74, p 5 0.025), and premotor ET cases were 2.17 times more likely than controls to have a change in 37-MMSE score in the upper vs lower tertile (OR 5 2.17, 95% CI 5 1.05-4.46, p 5 0.036). We further assessed the possible confounding effects of age, sex, geographical area, educational level, depressive symptoms or antidepressant use, and medications with CNS effects in a multivariate logistic regression model. In this model, prevalent ET cases were 1.67 times more likely than controls to have a change in 37-MMSE score in the upper vs lower tertile (OR prevalent ET 5 1.67, 95% CI 5 1.04-2.69, p 5 0.035), and premotor ET cases were 2.38 times more likely than controls to have a change in 37-MMSE score in the upper vs lower tertile (OR premotor ET 5 2.38, 95% CI 5 1.12-5.03, p 5 0.023). Finally, we conducted a sensitivity analysis in which we only included confounders that were significant at a p value ,0.005 (i.e., depressive symptoms or antidepressant use and medications with CNS effects), and the results were similar (OR prevalent ET 5 1.68, 95% CI 5 1.04-2.69, p 5 0.033; and OR premotor ET 5 2.38, 95% CI 5 1.13-5.02, p 5 0.023).
We compared changes in 37-MMSE subscores in cases and controls (table 3) . Given the issue of multiple comparisons, we performed a Bonferroni correction and set the p value at 0.0083. None of the differences were significant, although there were several trends (for language, p 5 0.15, and for construction/copying, p 5 0.05).
Prevalent and premotor ET cases had lower median 37-MMSE scores than controls at baseline, suggesting that some of them may already have had mild cognitive deficits. In an additional analysis, we excluded all prevalent and premotor ET cases with baseline 37-MMSE scores that were below the mean baseline 37-MMSE score of controls (i.e., scores ,31). In these analyses, the 37-MMSE declined by 1.3 6 2.9 points (median 5 1.0) in the 65 prevalent ET cases, 1.3 6 3.3 points in the 27 premotor ET cases (median 5 1.0 points), and 0.1 6 3.9 points in the 2,184 controls (median 5 0 points) (Kruskal-Wallis, p 5 0.003).
Finally, we conducted sensitivity analyses to confirm the robustness of our findings. First, we excluded 31 premotor ET cases because these individuals had not been examined in person by a neurologist at baseline. The 37-MMSE declined by 0.7 6 3.3 points (median 5 1) in prevalent ET cases, 1.7 6 3.6 points (median 5 1) in the remaining 25 premotor ET cases, and 0.1 6 3.9 points (median 5 0) in controls (p 5 0.010). The difference between these premotor ET cases and controls remained significant (p 5 0.033), as was the difference between prevalent ET cases and controls (p 5 0.027). Second, baseline handwriting samples from the 31 premotor ET cases and 31 age-matched controls were blindly reviewed by one of the authors (E.D.L.) and rated using Bain and Findley's 10-point scale. 38 None of the cases and controls had tremor that was in the ET range (all had Bain and Findley 38 handwriting tremor scores #1, which are within the range of normal). 38 Furthermore, each of the 31 was reinterviewed during the follow-up evaluation to establish that the onset of his or her tremor had been after the baseline assessment. DISCUSSION In the current prospective study of community-dwelling elders without dementia, we demonstrated that baseline cognitive test scores were lower in premotor ET cases than controls; moreover, during the 3-year follow-up period, these scores declined at a rate that was significantly faster in premotor ET cases than controls. Premotor ET cases on average experienced a 1.1-point reduction in the 37-MMSE over 3 years. Although this reduction was significantly greater than that seen in controls, in absolute terms, it was a modest change.
For many years, ET was viewed as a monosymptomatic condition, characterized only by a kinetic arm tremor, but over the last 10 years, a plethora of previously unrecognized motor and nonmotor problems have emerged. 39 A recent paradigm presents ET as a more complex clinical entity. 39 Furthermore, the current and prior data focus on the possibility that nonmotor symptoms could precede the onset of classic motor manifestations. For example, in prospective analyses of the NEDICES study, baseline self-reported depression was associated with increased risk of incident ET. 40 These prospective data suggest that the mood disorder in ET may be more than a secondary response to disease manifestations; this mood disorder may be a primary feature of the underlying disease. When these nonmotor problems present early and precede motor symptoms, we cautiously suggest that this should perhaps be regarded as evidence of premotor ET. Additional studies of such a premotor phase of ET are needed, particularly as they may be important for our understanding of when and where ET begins and how it evolves in these initial stages.
This study had limitations. First, we used a 2-phase procedure to screen for ET. Therefore, it is likely that some premotor cases were not properly diagnosed with ET at baseline because they screened negatively. However, in a prior pilot study, none (0%) of the 183 participants who had screened negatively for any of the neurologic disorders tested in the NEDICES study were diagnosed with ET, 17 indicating that use of the screening question was likely to yield few false negatives. Furthermore, we conducted additional analyses in which we excluded 31 premotor cases that were not evaluated at baseline on direct examination and found similar results. Second, the 37-MMSE is a relatively abbreviated screening tool for dementia. The use of more detailed neuropsychological test batteries would enable future investigators to study these changes in greater detail. A final limitation of the study was that there were no available data on tremor severity. Hence, we were not able to comment on any relationships between tremor severity, or change in tremor severity, and change in cognitive scores.
This study also had several strengths. First, the study was population-based, allowing us to assess a group of patients with relatively mild ET unselected for medical treatment or surgery. Second, we conducted the assessments prospectively in a standardized manner. Third, we compared cases with a large sample of several thousand controls. Fourth, we adjusted for the potential confounding effects of a number of important factors.
Using a prospective, population-based design, we demonstrated that cognitive test scores in "premotor" ET cases declined at an accelerated rate compared with controls. This study provides further evidence that cognitive deficits in ET are not static. Further studies are required to confirm these results, expressly with premotor prospective data and eventually with a pathologic/biomarker correlate.
